Fabrication of nanoelectrodes
Nanoelectrodes were fabricated using a previously reported procedure, 1 shown schematically in Figure S1 . Briefly, a Pt wire (Alfa Aesar) of 25 µm diameter was glued to a W rod (A-M Systems) using silver epoxy (Alfa Aesar). The wire was then inserted in a borosilicate glass capillary (Prism Glass Capillaries) of 0.5 mm inner diameter and 1.0 mm outer diameter, which serves to insulate the electrode. The Pt wire was then etched with sodium cyanide (6 M) to obtain a sharpened tip. The Pt wire and the W rod were afterwards sealed inside the glass capillary by heating with a hydrogen torch. Finally, a polishing process exposes the tip of the Pt nanowire, producing a Pt inlaid disk in the insulating glass plane.
Pt Glass The apparent size of the electrode was determined by measuring the limiting current for ferrocene oxidation to ferrocenium. [2] [3] [4] [5] This method is reliable for nanodisk electrodes. 1 The diffusion limited current i lim to a disk electrode is:
where n = 1 is the number of electrons exchanged, F = 96485 C/mol is Faraday's constant, D Fc = 2.4 × 10 −9 m 2 /s is the ferrocene diffusivity, 6 C Fc = 5 mM is the ferrocene bulk concentration and a is the apparent radius of the nanoelectrode. Voltammograms used to determine the size of the three nanoelectrodes used in the main text are presented in Figure   S2 S2. Figure S3 shows the voltammograms before and after 50 nucleation cycles on conditioned and non-conditioned electrodes. On conditioned electrodes, Figure S3a , the voltammograms did not apparently differ, i.e. the apparent radius a remained constant throughout the nucleation cycles. That was not the case for the electrodes in which a conditioning cycle was not performed prior to the nucleation cycles, Figure S3b . In those situations, the electrode apparent radius could increase up to ∼ 5a. This fact adds up to the surface chemistry affecting the reproducibility of peak current values i 
Nanoelectrode conditioning
Best reproducibility of i p nb was observed when great care was exercized to control the potential waveform prior to applying a current, i app . This requirement is related to the formation and stripping of the surface oxide on Pt at potentials where H 2 O 2 is oxidized.
9,10 As we discussed in the main text, at least 40 nanobubble nucleation repetitions need to be performed in order to achieve a reproducible peak current i p nb . To obtain reproducible results with lower standard deviation within fewer repetition, we designed a new potential waveform, in which we can control certain parameters, defined in the main text as t dis , t stab , E stab and t rest in Figure   5a . Figures Figure S4 : (a)-(e) Different electrode conditioning cycles. In blue, the controlled voltage is shown, whereas the red curve corresponds to the current response after 100 repetitions. The difference between panel (a) and (b) resides in the different nanobubble nucleation cycle: for the first case, the slope corresponds to ∆E = 0.5 V in t = 1 s, whereas for the second case, and all other conditioning cycles, ∆E = 0.8 V in t = 1.6 s. In panel (e), we used a ramp model to reach E stab to avoid the sudden increase of current. The optimal empirical configuration corresponds to conditioning cycle (d Figure 7 . Figure S5 shows the corresponding results of nucleation induction times for other current levels not shown in the main text. Figure S5a indicates the interval from which the nucleation time t ind is measured.
The interval begins at the moment in which the current is applied and ends at the moment in which the nanobubble nucleates (indicated by a large increase in the voltage as the bubble blocks the surface of the nanoelectrode).
Figures S6 and S7 show voltage-time responses for bubble nucleation for two different
nanoelectrodes with corresponding apparent radii a = 3 and 51 nm, respectively. In Figures   S8 and S9, we show the corresponding plots for t ind as a function of i app and the probability distribution P for these electrodes. 
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Bubble nucleation measurements without electrode surface conditioning
If the electrode surface is not conditioned before performing the nucleation rate experiments, large variability of i p nb is observed (as shown in Figure 4d in the main text). In this case it is impossible to assure that we are measuring a stochastic nucleation time corresponding to i app , since the nucleation time depends very sensitively on the proximity of the applied current i app to i p nb . Voltage-time curves for bubble nucleation at a non-conditioned, a = 6 nm radius electrode are presented in Figure S10 . In this example, the mean value of the measured nucleation times decreases systematically with increasing i p nb . However, the individual values are highly scattered with a very large mean deviation, thus indicating that these data do not correspond to a stochastic process. The scatter is so high that no proper probability analysis can be done. This is due to a changing i p nb from cycle to cycle, since the electrode surface has not been previously conditioned. The numbers on the arrows in (a)-(c) indicate the sequence of the t ind measured.
